We revisit the debate on the sustainability of the current account dynamics in the US. Using the concept of sustainability as the ability to meet the long run intertemporal budget constraint, we test for unit roots in the US current account for the 1960-2004 period. We argue that there are several reasons to believe that the current account may follow a non-linear behavior under the null of stationarity. This is confirmed by a set of non-linearity tests. We then fit an ESTAR model to the current account dynamics and reject the null of non-stationarity. Hence, we conclude in favor of sustainability. Furthermore, our results reveal that only for the period 1974-1992 we can find significant deviations of the current account from equilibrium and a slower speed of mean reversion.
Introduction
The concept of current account sustainability has long been the focus of research and policy debate in economics. The basic idea is appealing as it amounts to analyzing whether a country is able to meet its intertemporal budget constraint in the long-run without incurring episodes of fast and painful adjustment. Long periods of unsustainable current account dynamics may end either abruptly by generating exchange rate crises and output collapse or by achieving a soft landing that will inevitably imply investment and growth slowdowns.
The concept of current account sustainability is linked to the stationarity of the current account balance, as non-stationary dynamics would imply a violation of the inter-temporal budget constraint. Testing for the presence of unit roots and cointegration in the current account dynamics of developed and emerging markets has been the focus of many papers such as Trehan and Walsh (1991) , Otto (1992) , Wickens and Uctum (1993) , Liu and Tanner (1996) , Wu (2000) and Taylor (2002) .
Their results yield mixed results depending on the countries, the sample and the testing procedures considered. As Taylor (2002) points out, the speed of mean reversion of the dynamics of the current account can also be considered as a summary statistic of the degree of capital mobility. This degree of capital mobility is subject to policy and institutional changes.
In the case of the US, the sustainability of the current account has attracted much attention from both academics and policy makers (see, recently, Obstfeld and Rogoff 2004 , Mann 2002 , Cooper 2001 , McKinnon 2001 and Ventura 2001 ). The increased current account deficits have certainly been a cause of concern. notably the large US current account deficit and surpluses elsewhere" (p.1). Obstfeld and Rogoff (2004) , for instance, calculate that the correction of the US current imbalance may lead to a real dollar depreciation larger than 20% with potential serious consequences for real economic activity in the rest of the world. Hence, it is undoubtedly important to analyze the US current account dynamics and adjustment as it has crucial consequences for both the US and global economy.
Our objective in this paper is to analyze the stationarity of the US current account using new econometric tests based on non-linear adjustment that we consider more appropriate to describe the dynamics of the current account. With a few exceptions, 2 the works previously mentioned have assumed that the adjustment of the current account follows a linear behavior under the alternative of mean reversion. Both statistical evidence and theory arguments challenge this assumption. Our approach has several advantages over previous tests. Firstly, rather than assuming linear adjustment, we test for linearity in the data. If non-linearity is present, then the traditional unit root tests suffer from an important loss of power that may lead to erroneously accepting no-sustainability. Secondly, the tests presented show a richer set of dynamics in the current account that allows us to identify periods of sustainability and no-sustainability and periods in which the current account persistently deviates from its equilibrium (mean) value. Thirdly, by using tests that allow for different speeds of adjustment, we allow for the fact that institutional, preference and policy changes can affect the dynamic adjustment and equilibrium values of the current account.
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The paper is organized as follows. In the next Section, we discuss the concept of current account sustainability. In Section 3, we apply a series of non-linearity tests to the US current account. In Section 4, we test for the stationarity of the current account, and Section 5 concludes.
Current account sustainability
The concept of current account sustainability has been widely discussed in the literature. Mann (2002) considers that sustainability should be viewed both from the 2 See Chortareas et al (2004) for an analysis of debt sustainability in Latin America and Raybaudi et al (2003) Milessi-Ferretti and Razin (1996) distinguish between solvency and
sustainability. An economy is solvent if the expected present value of future trade surpluses equals its current indebtedness. That is, if the economy meets its external intertemporal budget constraint. Sustainability refers to the question of whether the economy is able to meet its budget constraint without a drastic change in private sector behavior or policy shifts. As Milessi-Ferretti and Razin (1996) state, the latter concept has more "structure" as it contains behavioral implications. Nevertheless, the concept of solvency is more general.
In this paper, we will follow Taylor (2002) and use the concept of sustainability as the ability of an economy to satisfy its long-run intertemporal budget constraint. This is a more general concept and does not depend on the particular structural model we have in mind. Also, this concept of sustainability is a sufficient condition for other concepts to hold. An attractive feature of this idea is its testability. As put forward by Trehan and Walsh (1991) 
Equation (3) simply states that international agents are able to lend to an economy if they expect that the present value of the future stream of net exports surpluses equals the current stock of foreign debt. Hence, the sustainability hypothesis, or long run budget constraint implies that:
This transversality condition means that the present value of the expected stock of debt when t tends to infinity must equal zero. account deficits, the speed of mean reversion and the mean of the current account itself would also change. That is, changes in the current account affecting agent's perceptions can trigger adjustment dynamics that are not linear as commonly assummed. In this sense, it may well be the case that tests for stationarity that do not consider the possible non-linear dynamics arising from these effects are mispecified.
In that case, we may reach wrong conclusions about the sustainability of the current account or arrive at too simplistic a description of current account dynamics under the hypothesis of stationarity. In the next sections we will test for the existence of nonlinearity in the US current account and, based on these results, use a non-linear unit root test that captures these effects.
Linearity tests
In the time series literature a commonly used test for the unit root null hypothesis is the well know augmented Dickey-Fuller test (ADF). The test is based on the following regression model:
where t y was previously defined as the ratio of the current account to GDP at time t , ∆ is the first difference operator and t ε is a white noise disturbance term. t is a linear deterministic trend while the j t y − ∆ terms allow for serial correlation and are designed to ensure that t ε is white noise. The null hypothesis is that 0 = β , which corresponds to a unit root in t y (that is, no sustainability). The OLS based β t statistic, which does not have a standard normal distribution, can be used to test this hypothesis.
However this test has low power in the presence of non-linear adjustment, leading it to accept very frequently the null hypothesis of a unit root (see Shin and Lee, 2001 and Killian and Taylor, 2003) . In other words, as discussed before, the current account data could exhibit some non-linear structure although still stationary. The tests were carried out using a constant term and a constant and a deterministic trend. The results are reported in Table 1 . It is easy to see that none of the tests is able to reject the null of a unit root in the current account to GDP ratio of the US. 
where g j and ξ k are parameters. An F -statistic can be used to test the null hypothesis 0 ...
The Keenan (1985) 
where t e is an error term. The linearity test against an ESTAR consists of testing the null hypothesis 0 1 2 : 0 j j H β β = = for j=1,2,3,4 using the F -statistic version of the Lagrange-multiplier test in Teräsvirta (1994) . k is a delay parameter that is chosen as the one that maximizes the F-statistic for H 0 .
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The common feature of all previous parametric tests is that they need to specify the nature of the non-linear coefficient. Thus, the estimated model may suffer from a specification error, which leads very frequently to misguided conclusions. Ludlow 10 In our data we found k=1 to be the optimal delay parameter. 
where s refers to the number of frequencies contained in the process generating ) (t α and k is an integer in the interval 1 to 4 / T 11 . k Z and k H are parameters to estimate.
In order to identify the particular Fourier coefficient we perform the following steps. First, we estimate an AR(p) model in first differences form:
The model with the smallest SBC is selected as the best fit model. Figure 2 reveals that it behaves in a highly non-linear fashion. In particular, in some cases the coefficient ) (t α exceeds 0.50 while in others the coefficient is less than -0.50. This finding is not in line with the results of a linear AR(p) model where the autoregressive coefficient is assumed constant over time.
Given the results of the various tests for non-linearity in the US current account dynamics, we can conclude with a certain degree of safety that it follows a non-linear adjustment mechanism. In this case, tests that assume a linear adjustment under the alternative of stationarity would be mispecified. This also confirms that, far from being a constant, the speed of adjustment to the long-run budget constraint is subject to changes and asymmetries.
Unit root tests
Given the possible existence of non-linearity in time series data, several attempts have been made to develop tests that have better power than the classical ones. Here we will use a test based on the smooth transition family of models.
12 These models assume that, in our case, the current account balance adjusts to its equilibrium with a different speed depending on whether previous changes in the current account are above or below a threshold. This change of regime is smooth and not radical, and hence takes an adjustment period that is data determined. The existence of this kind of dynamics would be indicative that the current account adjustment reacts to changes in the macroeconomic environment that affect the current account. For instance, for large changes in the current account away from equilibrium we might expect the speed of mean reversion to be faster as markets would not be willing to sustain deviations from equilibrium for a long period. Obviously, this asymmetry of adjustment would also have an impact on the equilibrium value towards which the current account converges.
The unit root test is based on Kapetianos et al (2003) and further developed by Kilic (2003) . Kilic (2003) proposed an alternative framework which has a linear nonstationary process under the null against a non-linear stationary alterative, while at the same time is more powerful than the non-linear unit root test proposed by Kapetanios et al. (2003) . Given the power of the test, we will use in what follows the Kilic (2003) testing procedure. 12 We also considered the joint asymmetry and unit root test framework in a threshold autoregressive framework (TAR) proposed by Caner and Hansen (2001) . Our results showed little evidence of self extracting TAR structure in the US current account. We hence concluded that the non-linearity was not of the kind postulated by this model, i.e. where transition between the different states is immediate. Results are available on request.
Kapetianos et al (2003) and Kilic (2003) In this case equation (17) The outer regime corresponds to
) so equation (17) becomes a different AR(1) model 
The AR(1) models in equations (18) The value of γ is estimated using a grid search method while for the value of θ the Caner and Hansen (2001) methodology could be adopted 13 . In particular, the possible value of θ could be selected from the ordered values of
after having discarded 10% of the highest and smallest observations. This procedure will guarantee that the boundaries θ and θ do not depend on any unknown parameter.
Based on Monte Carlo simulations, Kilic (2003) concluded that the t − sup has superior power to the ADF and PP tests under the alternative of an ESTAR model. It was also found that the t − sup statistics performs better and is more powerful than the 13 Kilic (2003) notes that we should not make the interval too wide as a very large values of γ may make the transition function Φ become flat.
non-linear ADF test of Kapetanios et al. (2003) . Asymptotic critical values for the t − sup are tabulated in Kilic (2003) .
Before applying this test we regressed the t y series on a constant and saved the residuals, generating thus a new variable which is de-meaned. Table 4 reports the estimated ESTAR model (16) as well as the unit root test and other diagnostic statistics of the model. Table 4 reveals that the t − sup statistic rejects the unit root null hypothesis at the 5% significance level. This finding is not in line with the results based on linear unit root tests. Hence, as postulated earlier in the paper, assuming a linear behaviour of the mean reversion and equilibrium value of the US current account may drive us to misleading conclusions about its sustainability. In our tests we show that the sufficient condition for the long-run budget constraint to hold is met for the US economy. From the results we can also see that the speed of mean reversion is substantially faster when the current account changes above the threshold, which is consistent with the idea that the AR parameter reflects the degree of capital mobility which, in turn, depends on agents' perceptions about the relative risk of the US economy. The speed of transition between the different regimes appears to be relatively fast. Furthermore, our results show that our ESTAR model is satisfactorily estimated according to the different misspecification tests proposed by Eithheim and Terasvirta (1996) . The diagnostic test F LM indicates the absence of serial correlation in the residuals. The F nl test indicates no remaining non-linearity in the model. Finally, the Medeiros and Veiga (2003) test for parameter constancy in non-linear models also indicates that we cannot reject the null of constancy. 14 Therefore we can conclude that our specification is an adequate model describing the dynamics of the US current account.
Examination of
Given the flexibility of this model, another advantage that it offers is that it allows us to get further insights into the dynamics of the current account. In particular, we can construct indicators of both the degree of deviation from the mean or equilibrium value and the degree of mean reversion. We follow Taylor and Peel (2000) and measure the importance of misalignments taking into account the sign and size of the 14 See the appendix for details of this test. deviations 15 from equilibrium as well as the degree of mean reversion of the current account at a particular point in time using the following transformed transition functions: Second, we identify three periods 1960-1974, 1975-1991 and 1992-2003 of the US recent current account history. The first and the last sub-periods are characterised by very small percentage (positive or negative) deviations of the US current account relative to its equilibrium value. On the other hand, the period 1975-1991 reflects difficulties in controlling the current account deviations (see middle panel in Figure   3 ). Hence, in general, we find that the 1960-1974 and 1992-2003 periods show both small deviations from equilibrium and rapid mean reversion. The 1974-1992 period is characterised by larger deviations from equilibrium and slower mean reversion. This can be easily related to changes in world macroeconomic environment. The late seventies and eighties were characterised by oil price shocks, debt crises in emerging countries and a strong dollar appreciation in the mid-eighties. Given this environment, agents were prepared to allow larger current account deficits for a longer period of time as the relative risk perception of the US economy improved given the situation elsewhere. This can also be related to agent's expectations of future higher growth 15 Since the transition function measures the importance of the deviation from equilibrium irrespective of the sign and the size, it cannot tell us whether these deviations are positive or negative.
rates in the US and dollar depreciation. This would mean that international financial markets allowed larger current account deficits for longer periods of time as the expected future path of net exports and growth relative to the rest of the world improves. As regards the recent period, we did not find evidence of important current account disequilibria. Nevertheless, in the final period of estimation the reported deviation becomes larger and always negative. We also find evidence of rapid mean reversion dynamics. This may reflect an increasing sensitivity of capital markets to excessive US current account deficits.
Conclusions
The question of whether or not the US current account follows a sustainable path has gained importance in recent years in both academic and policy debates. In this paper we test whether the dynamics of the US current account are compatible with a long-run intertemporal budget constraint. We take the stationarity of the current account as a sufficient condition for this definition of sustainability. However, we argue that given possible changes in risk perceptions, macroeconomic environment, portfolio allocation decisions, institutional environment, etc., the usual assumption of a linear process for the current account under the alternative hypothesis of stationarity may not be a correct representation.
We tested for non-linear dynamics in the US current account and found substantive evidence of non-linearity according to different tests. We then tested for unit roots by specifying an ESTAR model, which captures adjustment asymmetries and allows us to get further insights about the dynamic adjustment of the US current 
